IAJL aorta at or distal to the ductus arteriosus (coaretation of the adult type) is one of the most comnlon congenital nmalformations of the great vessels. A narrowing of the aorta proximal to a patent ductus arteriosus (coaretation of the infantile type) is less commoni, while complete interruption of the aorta proximal to the ductus is quite rare, and interruption distal to the ductus has not been recorded. Interruption of the aortic arch, also termed absence, interruption, or atresia of the isthmus of the aorta, functionally corresponds to the most severe form of the infantile type of coaretation. by which the various types of aortic arch interruption may occur are illustrated scheniatieally in figure 1. The type A interruption, which occurs immediately distal to the left subelavian artery, appears to result from a regression or atrophy of the segment of left dorsal aorta between the ductus arteriosus and the left subelavian artery ( fig. 2A) 2B ). The pathogellesis of the type C malformation, in which only the right subelaviani and right carotid arteries arise from the ascending aorta ( fig. 2C) , is less clear. Celoria and Patton suggest two possible mechanismis: (1) partial or complete failure of formation of the left third and fourth aortic arches and persistence of the segment of dorsal aorta between these arches as the left common carotid artery, or, (2) a failure of connection of the outgrowth of the aortic sac with the third and fourth arches and fusion of these two arches to form the left common carotid artery.
exploratory operation and, although it too is amenable to surgical correction or palliation, few attempts at operative treatment have been made. Three patients with complete interruption of the aortic arch have been studied at the National Heart Institute. In the present report the clinical, hemodynamie, angiographic, and pathologic findings in these patients are described and the information derived from 52 previously reported patients is reviewed. Embryology A pathologic classification used by Celoria and Pattonll of aortic arch interruption, based on the sites of origin of the branches of the aortic arch, has been found applicable in the present study. The embryologic mechanisms by which the various types of aortic arch interruption may occur are illustrated scheniatieally in figure 1 . The type A interruption, which occurs immediately distal to the left subelavian artery, appears to result from a regression or atrophy of the segment of left dorsal aorta between the ductus arteriosus and the left subelavian artery ( fig. 2A ). In the type B deformity, the interruption is just distal to the origin of the left carotid artery and represents a failure of formation of the left fourth arch, since the left subelavian artery arises fromn the deseending aorta ( fig.   2B ). The pathogellesis of the type C malformation, in which only the right subelaviani and right carotid arteries arise from the ascending aorta ( fig. 2C ), is less clear. Celoria and Patton suggest two possible mechanismis: (1) partial or complete failure of formation of the left third and fourth aortic arches and persistence of the segment of dorsal aorta between these arches as the left common carotid artery, or, (2) a failure of connection of the outgrowth of the aortic sac with the third and fourth arches and fusion of these two arches to form the left common carotid artery.
Four variations of the basic type B interruption have been reported ( fig. 3 ). In two of these (b and d) the ductus persists on the right as well as on the left. Bilateral persistence of the ducti (double ductus arteriosus) occurs when the entire right sixth arch and part of the right dorsal aorta remain. Each ductus connects the subelavian artery with the pulmonary artery on the respective side. According to Wagenvoort et al.,2 the embryologic basis for the origin of the right pulmonary artery from the ascending aorta ( fig. 3C ) is the persistence of part of the right dorsal aorta and of the distal part of the right sixth arch. Rt. PA. Figure 2 Diagrammatic illustrations of the three principal anatomic types of complete interruption of the aortic arch. P.T., pulmonary trunk; P.D.A., ductus arteriosus; P.A., pulmonary artery; P.S., right subclavian artery; R.C.C., right common carotid artery; L.C.C., left common carotid artery; L.S., left subclavian artery. ad.
INTERRUPTION OF AORTIC ARCH
Asc. Aorta showed equal systolic pressures (76 mm. Hg) in the right ventricle, pulmonary artery, and left ventricle. A ventricular septal defect was crossed by the catheter. Left-to-right shunts entering both the right atrium and the right ventricle were demonstrated by oximetry. In the ensuing 9 months Circulation, Volume XXVI, July 1962 he grew and developed normally and never evidenced cardiac failure. Two months before admission, however, he had several "spells" of choking and eyanosis and his respiration became progressively more difficult.
On admission the child was normally developed. 42 ROBERTS, MORROW. BRAtF'NWATAJ) arising from both ventricles. The main pulmonary artery appeared to arise from the common trunk. The aorta, originating also from the truncus, terminated by dividing into two innominate arteries, each of which gave rise to carotid and subelavian arteries bilaterally. From these studies diagnoses of ventricular septal defect, persistent common truncus arteriosus, patent ductus arteriosus, and complete interruption of the aortic arch were made. Shortly following the catheterization procedures the infant became severely eyanotic, left heart failure was evident, and he died 2 days later.
Pathologic Findings
At autopsy, both ventricles were dilated and hvpertrophied ( fig. 8 ). A single arterial trunk arose from the base of the heart. The semilunar valve at the base of the trunk was composed of only two cusps, the margins of which were corrugated and thickened. The ostia of both coronary arteries were located behind the right cusp but eacn artery was normally distributed. The common trunk divided into the aorta and miain pulmonary artery. The aorta ternminated after giving rise to right and left innominate arteries. The main pulmonary artery divided normally and, through a short, "coareted" ductus arteriosus, communicated with the deseending aorta. A ventricular septal defect, ineasuring 0.9 cm. in largest diameter, was present just beneath the semilunar valve. It involved the entire membranous septum and a portion of the muscular septuimi. A large, valvular incompetent, foramen ovale was present. During the first 3 months of life she ate poorly, gained weight slowly, and had episodes of shortness of breath. At 12 weeks of age she had an episode of extreme dyspnea and cyanosis followed by a convulsion. She was hospitalized, found to be in congestive heart failure, and was digitalized.
The femoral pulsations were noted to be dtfninished. At 15 months of age cardiac catheterization was performed at another hospital and a diagnosis of ventricular septal defect and pulmonary hypertension (pulmionary arterial pressure, 62/30 nmm. Hg) was made. At 21 months of age, the nailbeds of the toes were noted to be more eyanotic than those of the fingers. Thereafter, until her admission to the Clinical Center 16 months later, she grew poorly, had dyspnea on minimal exertion, and was eyanotic at rest.
On admission she was undernourished and underdeveloped (weight 10 Kg.). The blood pressure was 115/85 in the arms and 100/80 in the legs. There was generalized eyanosis but the nailbeds of the toes were more eyanotic than those of the fingers. There was early clubbing of the distal digits of the toes, but none of the fingertips. Right and left ventricular impulses were palpable, and the second heart sound in the pulmonic area was accentuated. A third heart sound was heard at the lower left sternal border. A grade 2/6 of the heart has been removed. The outflow tract of the left ventricle is narrowed by a muscular ridge immiediately cephalad to the ventricular septal defect. The aortic valve is bicuspid and small. L.A., left atrium; L.V., left ventricle; R.A., right atrium; R.V., right ventricle; R.P.A., right pulmonary artery; L.P.A., left pulmonary artery; S.V.C., superior vena cava; I.V.C., inferior rena cava. in these 52 patienlts anid iti tl-e three of the p-resent eomnmuitinication is presented in with (ompl)1ete initerruptioni of the aortic archl.
Thle subaortic steniosis was al)ove the ventrictbslr septal. defect in each instance. In eaclh of the two patients with two semilunar valves (patients 1 and 3) in the present report, the left -venrtricuLlar outflow tract above the ventricullar septal defect was narrowed by a inuscular ridge. (fig. 3D) . The "addendum case" (no. 24, The symptoms of interruption of the aortic arch are nonspecific and the physical signs are of only limited value. It would seem that differential eyanosis would always be present, but it is apparently the exception rather than the rule. In only 10 of the 38 patients in which the presence or absence of cyanosis was recorded, was differential eyanosis apparent. In seven of these patients eyanosis was evident in the nailbeds of the toes and in the lips. In two patients (nos. 17 and 46, table 1), each of whom also had complete transposition of the great vessels, there was reverse cyanosis, i.e., the nailbeds of the fingers and the lips were cyanotic and the nailbeds of the toes were not. In the tenth patient (no. 26, table 1) there were eyanosis and clubbing of the fingers of the left hand and the toes of both feet, but no cyanosis or clubbing of the fingers of the right hand. This patient, living at the age of 5 years and reported by Dorney et al.,26 had a type B interruption of the aortic arch. In 10 other patients with various forms of interruption of the aortic arch no eyanosis was evident, and in the remaining 18 it was present but presumably generalized.
The frequent absence of differential eyanosis can, of course, be explained by the presence of a ventricular septal defect, which is invariably present and of large size. Arterialized blood from the left ventricle is shunted through the defect and enters the pulmonary trunk and the lower extremities. As a result, the oxygen saturation of blood in the pulmonary artery, ductus, and descending aorta approaches that in the ascending aorta. Greig, 6 in 1852, clearly appreciated that the left-to-right intracardiac shunt was responsible for the infrequency of differential eyanosis in these patients. In his paper of over 100 years ago he wrote: "The additional Although blood in the palmonary trunk has a higher oxygen content than systemic venous blood, it is unusual, contrary to the examples presented, for the blood in the descending aorta to have an oxygen content equal to that in the aseending aorta. Ia all four of the previously reported patients with interruption of the aortic arch in whom brachial and femoral arterial blood was sampled, distinct differences in oxygen content were found. Differential eyanosis was clinically apparent, however, in only two of them and no cyanosis was evident in the other two. In summary, differential eyanosis, when present, is an important aid in the diagnosis of interruption of the aortic arch but in the majority of patients with the malformation it will not be apparent on physical examination.
Another sign that might be logically expected in these patients is absence or marked diminution of the femoral pulsations. This is rarely the case, however, because the pressure in the pulmonary trunk and descending aorta is usually similar to that in the aseending aorta. For the same reason, relative hypertension in the arms is infrequent. Patient R. S., however, had absent femoral pulses. In him, this resulted from extreme narrowing or "coaretation" of the patent ductus, the only vessel supplying the deseend- ences of the Mayo Clinic in patients with "coaretation" of the aorta, ventricular septal defect, and usually patent ductus arteriosus. The authors used the term "coaretation" in a general sense to include aortic arch interruption as well as aortic narrowing or atresia. The authors mentioned seven examples of aortic arch "coaretatioii" associated with a distal patent ductus arteriosus, subaortic stenosis, bicuspid aortic valve, anid ventricular septal defect. The "coaretation" in at least one of these seven was of the complete interruption form and appears to have already been reported (case 22, tabe 1). In addition, they mentioned a patient with a type B aortic arch interruption who had a persistent truncus arteriosus.
